Abstract -The objective of this work was to assess the effects of integrated crop-livestock systems, associated with two tillage and two fertilization regimes, on the abundance and diversity of the soil macrofauna. Four different management systems were studied: continuous pasture (mixed grass); continuous crop; two croplivestock rotations (crop/pasture and pasture/crop); and native Cerrado as a control. Macrofauna was sampled using a modified Tropical Soil Biology and Fertility method, and all individuals were counted and identified at the morphospecies level for each plot. A total of 194 morphospecies were found, distributed among 30 groups, and the most representative in decreasing order of density were: Isoptera, Coleoptera larvae, Formicidae, Oligochaeta, Coleoptera adult, Diplopoda, Hemiptera, Diptera larvae, Arachnida, Chilopoda, Lepidoptera, Gasteropoda, Blattodea and Orthoptera. Soil management systems and tillage regimes affected the structure of soil macrofauna, and integrated crop-livestock systems, associated with no-tillage, especially with grass/legume species associations, had more favorable conditions for the development of "soil engineers" compared with continuous pasture or arable crops. Soil macrofauna density and diversity, assessed at morphospecies level, are effective data to measure the impact of land use in Cerrado soils.
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Introduction
In general, invertebrate communities seem to be best conserved in derived system with structure similar to that of the original system, such as pastures planted in savanna areas and tree-based systems in forest areas (Benito et al., 2004; Decaëns et al., 2004; Silva et al., 2006) . However, an increase in the intensity of agricultural practices and the establishment of continuous pastures or annual crops have caused important changes in the community structure, abundance and biomass of soil macrofauna. Fragoso et al. (1997) studied earthworm communities and observed lower species richness, lower number of native species, lower number of ecological groups, and a predominance of endogeic species in agroecosystems.
Traditional agriculture and livestock production systems, developed in the Cerrado region, are rather unsustainable (Brossard & López-Hernández, 2005) . Intensive crop production systems, although highly productive, make increasing use of fertilizers and agrochemicals. Extensive livestock production system, based on the exploitation of the natural fertility, leads to a decline in the productivity of pasture and to soil degradation. Estimates show that approximately 80% of the Cerrado pasture soils have various stages of degradation, which causes low cattle productivity and soil and water degradation. Additionally, intensive agriculture associated with conventional tillage may harm the environment due to soil organic matter losses through soil mineralization and erosion. This condition is mainly caused by degradation of the physical properties and the inherent low chemical fertility of these soils (Balbino et al., 2004) . More recently, integrated crop-livestock systems (ICLS) have been recommended in Brazil, and have increased production of both crop and livestock by the intensification of land use. Like other integrated systems, ICLS seem to be best for conserving diversity and sustaining high levels of abundance of the soil macrofauna (Silva et al., 2006) , and are strongly supported by agronomic research in Brazil.
In the Cerrado region, only few studies (Benito et al., 2004; Silva et al., 2006; Aquino et al., 2008) have been carried out on pastures or crop systems, notably in long-term conditions; therefore, there is a lack of information on this important agricultural Brazilian region. The adoption of ICLS based in no-tillage would have a favorable effect on the development of an abundant and diverse soil and litter fauna, which in turn would assist in restoring soil fertility and site productivity.
The objective of this work was to assess the effects of ICLS, associated with two tillage and fertilization regimes, on the abundance and diversity of the macrofauna in comparison with continuous crops or pasture. (Santos et al., 2006) .
Materials and Methods
In 1991, the native Cerrado vegetation was removed, and dolomitic lime was applied before the establishment of the field experiment. Four different land-use systems were studied: continuous crop; continuous pasture; and ICLS in a 4-year rotation cycle ending by pasture (pasture/crop), or by crop (crop/pasture). These system were combined with two tillage regimes (no-tillage, conventional tillage), and two fertilization regimes (maintenance and corrective fertilization) (Marchão et al., 2009) (Table 1 ). The amounts of fertilizers applied in the 1991-2003 period, on each of the fertilization regimes, are briefly detailed in Table 2 . The plots occupied by the pastures were grazed every year in the rainy season. The dimensions of each plot were 40x50 m.
Macrofauna was sampled according to the Tropical Soil Biology and Fertility (TSBF) method, with modifications (Lavelle, 1988) . Samples were taken at the end of a 4-year rotation cycle, in May 2004. Three 25x25 cm soil monoliths were taken from each plot on regular transects. The fauna was sampled and sorted in the litter layer before soil blocks were excavated. Each monolith was cut from three horizontal layers (0-10, 10-20 and 20-30 cm) . Soil invertebrate macrofauna specimens, i.e., organisms with a body diameter greater than 2 mm, were extracted and stored in a 70% alcohol solution. Earthworms were preserved in 4% formaldehyde. All individuals were counted and identified at the morphospecies levels (i.e. morphologically identical groups of individuals), in the soil ecology laboratory of the Institute of Research for Development (IRD), at Bondy, France. Total density and diversity at morphospecies levels were determined for each plot. Subsequently, the mean and standard error of the density in each group were calculated for each management system, tillage and fertilization regimes. For data analysis and discussion of the results, the Coleoptera group was subdivided into larvae and adults. We considered that adults and larvae of Coleoptera can have different roles in soil function, acting as micropredators, litter transformers or "ecosystem engineers" (Lavelle et al., 1993) . To compute total soil diversity as morphospecies richness in each plot (Table 3) , we considered only larvae of Coleoptera. The other groups found were Isoptera, Formicidae, Oligochaeta, Diplopoda, Chilopoda, Diptera, Hemiptera, Lepidoptera, Arachnida, Blattodea, Gasteropoda and Orthoptera.
A principal component analysis (PCA) was performed, without data transformation, using the ADE-4 software (Thioulouse et al., 1997 ) on a matrix composed of 14 lines (sampled systems) and 8 or 10 columns (for the morphospecies richness and density attributes of macrofauna communities, respectively). The analysis was done with density and morphospecies richness data of the different management systems, tillage and fertilization regimes; and permutation tests allowed testing for the significance of differences between management systems, tillage and fertilization regimes. In order to have fewer variables than sites, a specific requisite for multivariate analyses, we grouped taxa as follows: Coleoptera adults; Coleoptera larvae; Isoptera; Formicidae; Oligochaeta; Diptera larvae; Hemiptera, Lepidoptera, Arachnida, Blattodea, Gasteropoda and Orthoptera combined as "other litter invertebrates"; Diplopoda and Chilopoda grouped as Myriapoda.
To facilitate the discussion of the results, data are shown for soil management systems and tillage and fertilization regimes according to the following growing gradient of land use intensification: tillage intensity -Cerrado, continuous pasture, pasture-crop rotation, crop-pasture rotation, continuous crop; soil disturbance -no-tillage, conventional tillage; use of fertilizers -maintenance fertilization, corrective fertilization.
Results and Discussion
The highest total soil faunal density ocurred in the Cerrado vegetation (4,788 individuals m -2 ), and the lowest in the continuous crop system (997 individuals m -2 ) ( Table 3 ). In Cerrado, the total density (4,788 individuals m -2 ) comprised nine groups. However, 95% of this total density was represented by two groups, Isoptera (4,340 individuals m -2 ) and Formicidae (244 individuals m -2 ). Typical environmental conditions of Cerrado, such as poor litter quality, e.g. high C/N ratio of plant tissues, occurrence of vacant niches (microhabitats), and reduced temperature at the soil surface, may explain the significant increase of Isoptera density (Constantino, 2005) . Our results confirm the ones obtained by Dias et al. (1997) and Benito et al. (1) For the crops, maintenance fertility (F1) corresponded to the fertilization calculated from the expected grain yield and nutrient export; corrective fertility (F2) was determined, in order to gradually increase the level of phosphorus in the soil (see Table 2 ). For the pasture phase in ICLS, maintenance fertility meant no fertilizer was applied.
(2) Ag, Andropogon gayanus var. bisquamulatus (Hochst.) Stapf. cv. Planaltina; Bd, Brachiaria decumbens (Stapf); M, Maize; S, Soybean; Pm, Panicum maximum Jacq. cv. Tanzânia; Pg, Pennisetum glaucum (L.) R. Br.; Bb, Brachiaria brizantha (Hochst.) Stapf. cv. Marandu. In the ICLS crop-pasture rotation with no-tillage system (CR NT), introduction of the pasture occurred at the same time in which crop sowing took place. The seeds of the pasture were mixed with the crop fertilizer before sowing. (2004) for the Brazilian Cerrado, who reported a high density of Isoptera. However, despite the high density, only three Isoptera morphospecies were identified. Silva et al. (2006) also observed a high Isoptera density in the integrated crop-livestock rotation systems, and in the continuous pasture (mixed grass), but they did not report the number of species identified. According to Benito et al. (2004) , the conversion of Cerrado into pastures or crops induced important modifications. In the short run, the soil volume could only be colonized by taxonomic groups, which are able to accept the new organic resource. At the same time, the lower plant diversity favors some groups, which may consume the available green forage, therefore becoming pests, as for example some Isoptera (Syntermes) in Cerrado pastures (Constantino, 2005) .
Total density decreased according to the intensification of land use, being especially low in the continuous soil management system (Table 3) . ICLS and continuous pasture had an intermediate condition in this gradient. Moreover, the crop areas in no-tillage systems had higher macrofaunal densities, when compared to conventional tillage. In no-tillage systems, a significant increase in density of the groups Coleoptera, Formicidae, Oligochaeta and Diplopoda was observed, which indicates a preference of these groups for the environment resulting from no-tillage Table 2 . Amount of fertilizers applied in 1991-2003 period, in the field experiment.
(1) Dolomitic lime.
(2) Humidity content, 22.6%. system. In the continuous pasture of Brachiaria decumbens, we observed the presence of 10 groups. Overall, the pasture sites with Panicum maximum in rotation systems (PR) had a high density of Coleoptera larvae.
According to the PCA analysis of macrofauna density, the first two axis explained 47.2% of the total variance-axis1 (27%) and axis2 (20.2%) (Figure 1 A) . Axis1 distinguished communities with soil litter fauna dominance represented by adult Coleoptera, Myriapoda, Arachnida, Hemiptera, Blattodea (and other litter-dwelling invertebrates of the group called "others" -from those with a moderate density of these groups. Axis2 separated the systems characterized by Coleoptera larvae, Oligochaeta, Diptera larvae and Formicidae from those with greater abundance of Isoptera.
Permutation tests of site coordinates, for all extracted axes, showed a significant effect (p<0.01) of soil management systems on macrofauna communities, described by the abundance of the different orders (Figure 1 B) . Axis1 separated the soybean continuous crop system (C) and the soybean crop in the crop/pasture rotation (CR) from the Cerrado (Cerr), the continuous pasture (Past), and the pasture/crop rotation system with P. maximum at the time of the sampling (PR). Axis2 distinguished sites with high disturbance conditions from others, and also separated pasture and crop/pasture rotation (PR, CR and Past) systems from the continuous crop system (C) and Cerrado. The PCA analysis also showed a significant impact of the soil tillage system (p=0.02) on the composition of soil macroinvertebrate communities. In Figure 1 C, Axis2 opposed cropping systems without soil tillage (NT) from those with conventional tillage (CT); pastures and the natural Cerrado plot remained on the side of convencional tillage systems. Axis1 opposed native plots of Cerrado and tilled systems to the other two systems, mainly on the basis of termite occurrence. The permutation tests did not show any significant effects on soil fertility levels (p<0.20).
Concerning macrofauna diversity, a total of 194 morphospecies were found, distributed among 30 groups (orders or families). In the soil management system and tillage type comparison (Table 3) , the highest morphospecies richness was observed in the 4-year-old soybean, in the CR system (ICLS), and in the continuous crop system with 105 and 102 morphospecies, respectively. The lowest richness (mean of 37) was found in the continuous pastures (Past). Morphospecies richness in taxa was higher in the Coleoptera adults, Coleoptera larvae and Formicidae groups, with 40, 50 and 60 morphospecies identified, respectively. Despite the higher density of termites, in all samples, we identified only three termite morphospecies. The group Formicidae had the highest morphospecies richness, with 60 morphospecies from the subfamilies Myrmicinae, Formicinae and Panerinae. Dias et al. (1997) also observed a higher presence of the subfamilies Myrmicinae and Formicinae, in native areas of Cerrado. The groups Myriapoda (Diplopoda and Chilopoda), Diptera larvae, Hemiptera, Lepidoptera and Arachnida had also a higher diversity, with 8, 12, 20, 12 and 15 morphospecies identified.
The diversity of the macroinvertebrates found at the study sites was relatively high (194), compared with other sites studied in the tropics. For example, Decaëns et al. (2004) , in a study on pastures derived from Colombian savanna, identified 29 families, 42 macroinvertebrate morphospecies and eight earthworm species. In the same study, in the Brazilian Amazon rain forest, they identified 156 morphoespecies. In native Cerrado, the diversity indexes were lower than in the systems with annual crops (CR and C), even in rotation (PR). These findings contrasted with what has generally been found in studies performed under native vegetation in Amazonia (Barros et al., 2002; Mathieu et al., 2005) , in Argentine natural grasslands and fallows after rice fields (Thomas et al., 2004) , and in the Brazilian Cerrado (Silva et al., 2006) where the authors observed higher diversity indexes in the native vegetation. We attribute this result to the effect of the presence of soybean in the crop systems, which promotes a high quality litter addition with a low C/N ratio. Santos et al. (2008) also showed a positive effect of leguminous species in a Cerrado soil macrofauna.
The PCA analysis for richness data (Figure 2 A) showed that the first two axis explained 39.5% of the variance -Axis1 (20.6%) and Axis2 (18.8%). Axis1 distinguished communities with high species richness of Formicidae, Coleoptera adults, Myriapoda and "other litter invertebrates", which were the groups with high richness, from those with lower diversities (Figure 2 A and Table 3 ). Thus, Axis1 separated the continuous pasture, the continuous crop, the Cerrado (Cerr) and the crop-pasture rotation system (CR), from the pasture-crop rotation (PR) (Figure 2 B) .
Axis2 separated the systems characterized by the presence of Isoptera and Formicidae from those with a greater presence of Oligochaeta, Coleoptera larvae, Diptera larvae, Myriapoda, Coleoptera adults and other invertebrates. The latter group had a larger overall number of species. Axis2 distinguished sites with rotation (CR and PR) from the continuous systems (C and Past) and Cerrado vegetation (Cerr) (Figure 2 B) . Permutation tests showed a significant impact of types of land use and soil tillage on soil fauna communities (p=0.001 and p<0.003, respectively) (Figures 2 B, C) , whereas the effect of the soil fertility level was not significant (p<0.16).
In the cultivated areas, the richness of macroinvertebrate communities varied significantly, in relation to soil management and tillage regimes (Figures 2 B, C) . In the CR system (covered with soybean/Brachiaria brizantha association at sampling), 105 morphoespecies were identified. A smaller number was observed in the continuous pastures (37) and in the pasture in rotation (73).
The principal component analysis of frequency data clearly separated the ICLS systems (CR and PR) from the other systems (Figure 2 B) . In the correlation circle, we observed that Axis2 separated the systems with higher richness from systems with relatively poor diversity. No-tillage systems (NT) were also clearly separated from Cerrado and continuous pastures with regard to Axis2, and from conventional tillage with regard to Axis1. The crop/pasture rotation system (CR and PR), as well as the no-tillage system (NT) had a greater richness of Coleoptera larvae, Diptera larvae and Oligochaeta. This pattern is probably due to the quantity of organic matter produced by grasses, and a better quality of organic matter added by the soybean crop. No-tillage systems (NT) are also characterized by the density of Diptera larvae and Formicidae, along with the species of the litter.
The total macrofauna density had a quite different pattern in comparison with richness. Cerrado had a higher total density than the pasture and crops, and faunal activity was concentrated in the upper few centimeters of the soil, with an insignificant proportion of invertebrates in the litter (1%). Most studies have shown similar results (Decaëns et al., 1994; Silva et al., 2006) . The pasture systems (Past and PR) showed a high density of Oligochaeta, Coleoptera larvae, i.e. species specialized in bioturbation, creating biogenic structures and building stable porosity. A significant increase in earthworm density and biomass, in the pasture system, was observed in many tropical pastures (Brown et al., 2001 (Brown et al., , 2004 . Even with low diversity, these systems seem to be favorable to the physical properties of the soil (Oades, 1993) . Several micromorphological studies show the role of earthworms in the formation of galleries and aggregates (Barros et al., 2001) . Blanchart et al. (1997) demonstrated the importance of earthworms on the pore size distribution and the stability of aggregates. The high density under crop pasture systems (CR) was largely accounted for by the variations in Coleoptera adults, Formicidae, Myriapoda and Isoptera.
Concerning vertical distribution, all the land use systems showed a clear concentration of invertebrates in the 0-20 cm layer (Figure 3) . Much of the population of Coleoptera adults (22%) and various other macrofauna (38%), i.e. mostly litter feeders and their respective predators, are concentrated in the litter (Figure 3 A) . In the upper 10 cm of soil, geophagous invertebrates are predominant, with 85% of Oligochaeta and 75% of the Coleoptera larvae. In the lower layers (10-30 cm), the most abundant groups were the Isoptera (43%), Diptera larvae (32%) and Formicidae (30%). Isoptera was the most abundant group (46% of total soil fauna density), and were predominantly found in the 0-20 cm layer (85%).
Integrated crop-livestock systems could foster diverse cropping systems, including the use of perennial and legume forages, which could be grown in selected areas of the landscape to achieve multiple environmental benefits, as better soil conditions for macrofauna development, and represent systems which are useful for soil biodiversity conservation, in comparison to continuous systems. Since abundance and diversity of macroinvertebrate communities are associated with high rates of provision of the different ecosystem services provided by soils (Lavelle et al., 2006) , the reasons for their increased conservation in these systems need to be better identified. This will allow a more precise management of this natural resource. Integrated systems would inherently utilize animal manure, which also enhances soil tilth, fertility, and carbon sequestration. However, more studies are needed to identify the best possible combinations of plant species and spatial arrays, to allow optimal production and sustainability.
Conclusions
1. Soil management systems and soil tillage regimes influence the structure of macrofauna communities with a greater density of Oligochaeta and Coleoptera larvae in continuous and in rotation pasture.
2. Crop-livestock rotation (crop-pasture and pasture-crop rotations), and no-tillage systems have a greater richness of Oligochaeta, Coleoptera larvae and Diptera larvae.
